Abstract. With an increasing amount of information on globally important events, there is a growing demand for efficient analytics of multilingual event-centric information. Such analytics is particularly challenging due to the large amount of content, the event dynamics and the language barrier. Although memory institutions increasingly collect event-centric Web content in different languages, very little is known about the strategies of researchers who conduct analytics of such content. In this paper we present researchers' strategies for the content, method and feature selection in the context of cross-lingual event-centric analytics observed in two case studies on multilingual Wikipedia. We discuss the influence factors for these strategies, the findings enabled by the adopted methods along with the current limitations and provide recommendations for services supporting researchers in cross-lingual event-centric analytics.
Introduction
The world's community faces an unprecedented number of events impacting it as a whole across language and country borders. Recently, such unexpected events included political shake-ups such as Brexit and the US pullout of the Paris Agreement. Such events result in a vast amount of event-centric, multilingual information that differs across sources, languages and communities and can reflect community-specific aspects such as opinions, sentiments and bias [18] . In the context of events with global impact, cross-cultural studies gain in importance.
Memory institutions are increasingly interested in collecting multilingual event-centric information and making this information available to interested researchers. For example, the Internet Archive provides the Archive-It service that facilitates curated collections of Web content 4 . Several recent research efforts target the automatic creation of event-centric collections from the Web and large-scale Web archives (e.g. iCrawl [6] , [7] ) as well as creation of event-centric knowledge graphs such as EventKG [10] . In this context one of the key Web resources to analyze cross-cultural and cross-lingual differences in representations of current and historical events is the multilingual Wikipedia [16] , [18] .
However, at present very little is known about the strategies and the requirements of researchers who analyze event-centric cross-lingual information. In this paper we take the first important step towards a better understanding of researcher strategies in the context of event-centric cross-lingual studies at the example of multilingual Wikipedia. The goals of this paper are to better understand: 1) How do researchers analyze current events in multilingual settings? In particular, we are interested in the content selection strategies, analysis methods and features adopted along with the influence factors for this adoption. 2) Which findings can be facilitated through existing cross-lingual analytics methods, what limitations do these methods have and how to overcome them?
To address these questions we conducted two qualitative case studies that concerned the Brexit referendum and the US pullout of the Paris Agreement. We observed interdisciplinary and multicultural research teams who performed analyses of the event representations in the multilingual Wikipedia dataset during a week's time. As a first step, we used in-depth pre-session questionnaires aimed at collecting the participants' background. Following that, the participants defined their own research questions and several working sessions took place. During these sessions we observed the methods adopted by the participants and the findings they obtained. Finally, we interviewed the participants.
The main findings of our analysis are as follows: 1) The content selection strategy mostly depends on the event characteristics and the collection properties.
2) The adoption of analysis methods and features is most prominently influenced by the researcher backgrounds, the information structure and the analysis tools.
3) The features involved in the adopted analysis methods mostly include metadata (e.g. tables of content), rather than the actual texts. 4) The main insights facilitated by the adopted analysis methods include a variety of findings e.g. with respect to the shared and language-specific aspects, the interlingual dependencies, the event dynamics, as well as the originality and role of language editions. 5) The limitations of the adopted methods mostly concern the relatively low content and temporal resolution, as well as the lack of detailed insights into the communities and discussions behind the content. 6) The recommendations to overcome these limitations include the development of tools that better support cross-lingual overview, facilitate fact alignment, provide high temporal resolution, as well as community and discussion insights.
Study Context and Objectives
We focus on two political events with global impact that constitute important cases for the cross-cultural analysis:
-Brexit (B): On 23 June 2016, a referendum took place to decide on the withdrawal of the United Kingdom (UK) from the European Union (EU).
51.9% of the voters voted to leave the EU, which lead to the withdrawal process called "Brexit". -US Paris Agreement pullout (P): On June 1, 2017, the US President Donald Trump announced to pull out of the Paris agreement, which was previously signed by 195 countries at the Paris climate conference.
To better understand researcher strategies, we asked the participants to conduct an analysis of the event, in particular with the focus on the international event perception. Overall, three main objectives (O1-O3) are addressed:
O1 -Content selection. How do researchers select articles, languages and revisions to analyze, given an ongoing event? Which factors influence this selection? Wikipedia articles are generated in a dynamic process where each edit of an article results in a new version called revision. Given the high velocity of discussions in different Wikipedia language editions surrounding an ongoing global event, there is a large amount of potentially relevant information. Thus, there is a need to identify the most relevant articles, their revisions and language versions as entry points for the detailed analysis.
O2 -Method and feature selection. Which methods and features can researchers use efficiently to perform cross-lingual event-centric analytics? Which factors influence this selection? Wikipedia articles describing significant events tend to cover a large number of aspects. The large number of articles, their revisions and the variety of language editions make the analysis particularly difficult. The challenge here is to choose analysis methods and features that can provide an overview of cross-lingual and temporal differences across multilingual event representations efficiently.
O3 -Findings and limitations. Which findings can be efficiently obtained by researchers when conducting research over multilingual, event-centric articles using particular analysis methods? What are the current limitations and how can they be addressed? The size, dynamics as well as cross-lingual and crosscultural nature of Wikipedia articles pose challenges on the interpretation of research results, especially in case such an interpretation requires close reading of multilingual content. Our goal here is to better understand which findings can be obtained efficiently, and derive recommendations for future assistance.
We do not aim at the completeness of the considered strategies, methods, features and interpretation results, but focus on the participants' approaches as a starting point to better understand which methods and features appear most efficient from the participant perspective, which factors influence their selection and which findings they can enable in practice.
Methodology
The case studies were conducted by performing the following steps:
1. Introduction of the event to the participants. 2. Individual questionnaires to be filled out by the participants. 3. Working sessions in teams, observed by the authors. 4. Individual semi-structured interviews with the participants. (5) reader (4), editor (2) Frequency of use daily (1), weekly (4) daily (3), weekly (1) Multilingual Wikipedia experience yes (2) yes (4) Table 1 provides an overview of the study setup and the participant interdisciplinary and multicultural background, collected using pre-session questionnaires. According to these questionnaires, the participants estimated the language barrier to be a major problem in both of the studies and raised the question whether it is possible not only to detect cultural differences or commonalities, but also to reason about their origins.
Pre-Session Questionnaires

Task Definition and Working Sessions
We asked the participants to: 1) define their own research questions and analysis methods; 2) conduct an analysis of the event-related articles across different Wikipedia language editions with respect to these questions; and 3) present their findings. This way, we kept the task description of the study rather open, as we intended to facilitate an open-minded discussion among the participants, to enhance their motivation and to reduce possible bias.
To enable in-depth insights, the studies implied high expenditures of approximately 14 hours per participant, which overall translates into 126 person hours. The participants worked together as a team over four days.
The Participant Approach
The interdisciplinary expertise of the participants enabled them to tackle several facets of interest in the context of the considered events. In this section, we describe and compare the participant course of action in both case studies, from the definition of the research questions to the presentation of results. Table 2 : Overview of the datasets resulting from the data collection.
Research Questions
At the beginning of the case studies, the participants agreed on the following research questions building the basis for the analysis: -Q0,B: What can Wikipedia tell us about the UK's changing place in the world after Brexit? -Q0,P: Has the announcement of the US pullout of the Paris Agreement changed the depiction of and attention to the issue of climate change?
In order to approach these research questions, the participants analyzed the following aspects in the course of their studies:
-Q1: How was the event-centric information propagated across languages? -Q2: How coherent are the articles regarding the event across languages? -Q3: Which aspects of the event are controversial across languages?
Data Collection
First of all, in both case studies the participants selected a set of relevant articles to be analyzed, which resulted in the datasets shown in Table 2 . In B, the participants selected two English articles: the "United Kingdom European Union membership referendum, 2016" article (B.ref ) and the "United Kingdom withdrawal from the European Union" article (B.wd). For P, there is a "Paris Agreement" article (P.agr) in several languages, but only four language editions provided a "United States withdrawal from the Paris Agreement" article (P.wd). Thus, the participants searched for paragraphs in Wikipedia articles linking to the articles P.agr and "Donald Trump", P.agr and "United States", and those linking to P.wd using the Wikipedia API and manual annotation. To address Q0,P, the articles "Global warming", "2015 United Nations Climate Change Conference", "Climate change" and "Climate change denial" were considered.
Analysis Methods and Feature Groups
Overall, the analysis methods employed by the participants in both studies can be categorized into content, temporal, network and controversy analysis: -Content analysis to get detailed insights of how the event was described across languages (Q0 Table 3 : For each of the four analysis methods, this table lists whether the participants employed features from the specified feature group in B or P.
-Network analysis to estimate the coherence between the event-centric articles across languages (Q2). -Controversy analysis to identify the controversial event aspects (Q3). Table 3 provides an overview of the analysis methods and the corresponding features employed in both case studies. For clarity, we categorize the features into groups that were covered to a different extent in the case studies:
-Text-based features: Features based on the Wikipedia article texts such as the textual content, terms, selected paragraphs and the table of contents. 
Observations
Content Analysis Due to the language barrier, the participants of B focused on the text-based features involving less text: tables of contents (TOCs) and images. Similarly, in P the terms from the extracted paragraphs were utilized.
Text-based features in B: The participants arranged the ToC entries by their frequency across languages as shown in Fig. 1 . This ToC comparison indicates that the articles differ in many aspects, e.g. the German article focuses on the referendum results in different regions, and the English Wikipedia focuses on Brexit's economical and political implications.
Multimedia features in B: Using the Wikipedia Cross-lingual Image Analysis tool 5 , it became evident that images containing the UK map and the referendum ballot paper were shared most frequently across languages.
Text-based features in P: From the paragraphs extracted during the dataset collection, the participants extracted frequent words used in the context of the US pullout per language. This analysis showed different emphasis on the topic: The English Wikipedia mentioned oil and gas, the French Wikipedia included climate-related terms, and the Dutch one was focused on resistance.
Temporal Analysis The description of ongoing events may vary substantially over time. In B, the participants tracked this evolution using text-based and edit-based features. In P, the participants focused on multimedia features.
Text-based features in B: The participants extracted the ToC three times per day, in the time from the 22nd to the 24th of June 2016. The French version did not have the referendum results on the 23rd of June as opposed to other languages. On the following day, the English ToC stayed nearly unchanged, whereas a number of new German sections were added.
Edit-based features in B enabled observations of the Wikipedia editing process. The participants created a timeline depicted in Fig. 2 which is based on the data from the Wikipedia Edits Scraper and IP Localizer tool 6 . It illustrates the development of the B.wd article including its creation in other language editions. Article editions directly translated from other languages were marked and important events related to Brexit were added. 
Multimedia features in P:
Motivated by Q0,P, the P participants compared the images added to the set of climate-related articles before and after the US pullout became apparent. The majority of newly added images reflect statistics (in contrast to a mixture of photos and statistics added before), and some of them depict the US influence on the world's climate.
Network Analysis The coherence of the Wikipedia language editions can provide useful insights. The participants of B focused on link-based and categorybased features, while the participants of P focused on text-based features.
Category-based features in B: The participants analyzed the categorization of the referendum and withdrawal articles in all available language editions by inserting the translated and aligned category names into the Table2Net tool 7 and applying the ForceAtlas algorithm [12] to create the network shown in Fig.  3a , which shows an isolated position of the English and Scottish articles.
Link-based features in B: Links to external sources were extracted and compared using the MultiWiki tool [9] . For most of the language editions, the overlap of the linked web pages was rather low and reached higher values only in few cases, e.g. the English and German withdrawal articles shared 17.32% of links.
Text-based features in P: The set of articles mentioning the US pullout of the Paris Agreement was put in a network shown in Fig. 3b . "Donald Trump", "Paris Agreement", "2017" and "United States Climate Alliance" are the articles mentioning the withdrawal in most languages, while some articles such as "Elon Musk" only mention it in very few languages. Another observation was the separation of political and science-related articles.
Multimedia features in P: The participants retrieved a list of images used in the different language versions of the "Climate Change" article. A network where language nodes were connected to images revealed that some language editions (e.g. Dutch) and groups of languages (e.g. a group of Serbian, Slovakian, SerboCroatian and Faroese) differed from the others with respect to the image use.
Controversy Analysis: In B, the participants observed controversies among the Wikipedia editors. In P, no explicit controversy analysis was conducted due to the difficulties to resolve the origins of the extracted text paragraphs, the language barrier and the lack of extraction tools.
Edit-based features in B: For each Wikipedia article, there is a discussion page, structured by a table of contents. The B participants reviewed the English discussion TOCs and identified an intense discussion among the Wikipedia editors on the question to which article the search term "Brexit" should link to.
Discussion
In this section we discuss our observations performed in the course of the case studies with respect to the objectives O1-O3 (Section 2).
O1-O2 : Influence Factors for Content, Methods and Feature Selection
Overall, we observed that the adopted methods and their outcomes are influenced and also limited by a number of factors, including: Characteristics of the event. Relevant characteristics of the event include its topical breadth and global influence. For example, as the Brexit referendum was considered as an event of European importance, the participants of B focused on the European languages, while in P the US pullout of the Paris Agreement was studied in all languages due to its global impact. As the US pullout was considered to cover many aspects in politics and science, the participants focused on coverage, resulting in a larger set of articles to be analyzed compared to B.
Participant professional background. The professional background of the participants influenced in particular the selection of analysis methods. Although the teams were interdisciplinary, the individual participants focused on the methods and features typical for their disciplines.
Participant language knowledge. The participant language knowledge limited in particular their ability to apply analysis methods that require close reading. For example, the controversy analysis in B was only performed on the English discussion pages due to the language barrier. Nevertheless, the overall scope of the study was not limited by this factor. To cross the language barrier, the participants employed two techniques: 1) machine translation tools, and 2) content selection to reduce the amount of information in a foreign language to be analyzed (e.g. analyzing category names instead of full text).
Availability of the analysis tools. Existing analysis tools mostly support distant reading on larger collections using specific features, such as links, images, etc. and can be applied in the multilingual settings efficiently. Fewer tools, including for example MultiWiki [8] , support close reading in the cross-lingual settings. The edit-based and text-based cross-lingual controversy analysis was not adequately supported by the existing tools. Information structure. One important factor of the event-centric crosslingual analytics is the information structure. The features adopted in the case studies under consideration include rich text-based features such as hyperlinks and categories, as well as edit histories available in Wikipedia. Furthermore, the availability of comparable articles in different languages is an important feature of the Wikipedia structure in this context. Table 4 provides an overview of the analysis methods.
O3 : Findings, Limitations and Recommendations
Findings: The adopted analysis methods facilitated a range of findings. Content analysis using ToCs, images and word clouds enabled the identification of shared aspects, interlingual dependencies and provided a context overview. Temporal analysis involving ToCs, edit histories and images provided insights into the event dynamics, changes in the public interest within the language communities, originality of the language versions and the context shift. Network analysis resulted in an overview of the cross-lingual similarities, supported identification of the roles of the language editions, event coverage and the specific cross-lingual aspects. Controversy analysis conducted on the English Wikipedia (only) provided details on the event perception.
Limitations: The limitations of the adopted analysis methods mostly regard the relatively low content and temporal resolution, as well as the lack of detailed insights into the communities and discussions behind the content. With respect to the content analysis, the lack of close reading restricted the obtained insights to rather high-level comparative observations, such as shared aspects of the articles, rather than individual facts. In the temporal analysis, the information regarding content propagation was restricted to the origin of the first revision of the articles. The network analysis did not support insights in the specific communities behind the edits, such as the supporters and the opponents of Brexit. The controversy analysis based on discussion pages could not be applied in the cross-lingual settings, due to the lack of specific extraction tools and the language barrier. Overall, the limitations observed in our study are due to multilingual information overload, the language barrier and the lack of tools to systematically extract and align meaningful items (e.g., facts) across languages.
Recommendations: Our observations regarding the above limitations and the post-sessions interviews lead to the recommendations for future method and tool development summarized in Table 4 . These recommendations include a zoom-out/in functionality to provide an overview, helping to select relevant content for close reading, extraction and cross-lingual alignment of information at a higher granularity level (e.g. facts), tracking article development over time including involved communities as well as a systematic analysis of discussion pages to better support controversy detection. In the future work we would also like to develop interactive cross-lingual search and exploration methods based on [4] .
Limitations of the Study
In this qualitative study we limited our corpus to the multilingual Wikipedia, such that features and tools adopted by the participants are in some cases corpusspecific. Nevertheless, we believe that the results with respect to the participant strategies (e.g. the preferential usage of metadata to reduce close reading in a foreign language) are generalizable to other multilingual event-centric corpora, such as event-centric materials extracted from the Web corpora and Web archives.
